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gonadotropin releasing hormone (GnRH) neurosecretory pulses and in the negative feedback effects 48 of sexual steroids to the reproductive axis. 49 To test the validity and limitations of the KNDy neuron concept in the human, we carried out the 50 comparative immunohistochemical analysis of the three neuropeptides in the infundibular nucleus 51 (Inf=ARC) and stalk (InfS) of young male human individuals (<37 years).
52
Results of quantitative immunohistochemical experiments established that the regional densities of 53 NKB immunoreactive (IR) perikarya and fibers, and the incidence of afferent contacts they formed 54 onto GnRH neurons, were about 5 times as high as those of the KP-IR elements. immunofluorescent studies confirmed that considerable subsets of the NKB-IR and KP-IR cell 56 bodies and fibers are separate and only about 33% of NKB-IR perikarya and 75% of KP-IR 57 perikarya were dual-labeled. Furthermore, very few DYN-IR cell bodies could be visualized in the 58 Inf. DYN-IR fibers were also rare, and with few exceptions, distinct from the KP-IR fibers. The 59 abundance and colocalization patterns of the three immunoreactivities showed similar trends in the 60 InfS around portal blood vessels. 61 Together, these results indicate that most NKB neurons in the Inf do not synthesize detectable 62 amounts of KP and DYN in young male human individuals. These data call for a critical use of the 63 "KNDy neuron" terminology while referring to the putative pulse generator system of the
Introduction

67
Information accumulated from immunohistochemical and in situ hybridization studies has recently 68 formed the basis for the kisspeptin/neurokinin B/dynorphin A ("KNDy") neuron concept and terminology
69
(1-4). As shown first for the sheep (5), many of these neurons with cell bodies located in the 70 hypothalamic arcuate nucleus (ARC; called infundibular nucleus in humans; Inf) co-synthesize kisspeptin 71 (KP), neurokinin B (NKB) and dynorphin A (DYN). They have been implicated in negative sex steroid 72 feedback to gonadotropin-releasing hormone (GnRH) neurons (5-7) and proposed to also serve as 73 pacemakers for the GnRH neurosecretory pulses (3, 4, 8, 9) . Recent models of the GnRH pulse generator 74 (3, 4, 8) suggest that KNDy neurons communicate with one another via NKB and its receptor, NK3, and 75 possibly, also DYN and its receptor, KOR. In ovariectomized goats, central NKB increases and DYN 76 decreases the frequencies of multiunit activity volleys and LH secretory pulses (8) . Pulse generator cells, 77 in turn, appear to communicate with GnRH neurons primarily via KP/KISS1R signaling. GnRH neurons 78 express KISS1R (10-12) and the majority of GnRH neurosecretory pulses show temporal association 79 with KP pulses in the median eminence of monkeys (13) . 80 The general consensus that KP, NKB, DYN, NK3 and KOR are expressed by the same neurons relies 81 on combined neuroanatomical data from sheep (1, 5), rats (14), mice (3, 4, 15) , goats (8) , monkeys (16) 82 and humans (17, 18) . However, closer analysis of these reports, in retrospect, reveals that neuropeptide 83 and receptor colocalizations are often only partial and also variable in the different studies, species, sexes 84 and age groups. Notably, in our recent immunohistochemical study of aged human individuals, we have 85 detected robust sex differences in the abundance of 18) and NKB-IR (18) Following dissection, the hypothalamic tissue blocks were rinsed with running tap water and then, 113 immersion-fixed with 4% formaldehyde in 0.1M phosphate buffer saline (PBS; pH 7.4) for 7-14 days.
114
After fixation, the blocks were trimmed in a way to include the optic chiasma rostrally, the mammillary quantitatively from the specimens in which the tyramide signal amplification was used, using 1-3 190 representative confocal images per subject.
191
Experiment 2. Studies of the regional abundance of IR fibers in the Inf
192
The regional density of immunoreactive fibers was determined as described recently (18 appositions was carried out using a 63X oil-immersion objective and contacts defined using stringent 215 criteria (18, 26, 27) . For each subject, the mean number of contacts per GnRH soma and 100µm GnRH 216 dendrite were calculated (18) .
218
Results
219
The comparative analysis of NKB, KP and DYN immunoreactivities in 220 immunoperoxidase-labeled sections of the Inf (Fig. 1 ) and the InfS (Fig. 2) (Fig. 2H) . In sections dual-labeled for KP and DYN, labeled fibers were mostly distinct, although rare 269 colocalization cases were also detectable (Fig. 3H) . provide axo-somatic and axo-dendritic inputs to GnRH neurons in the Inf (Fig. 4) . Quantitative analysis 275 (Graph 3) established that GnRH-IR perikarya and dendrites, respectively, received 6 and 5 times heavier 276 NKB-IR (Fig. 4A ) than KP-IR (Fig. 4B) We propose that the different colocalization patterns in the present human study and in previous 288 animal experiments partly reflect species differences in reproductive mechanisms (28). These may 289 include the absence of DYN signal from most KP neurons and fibers in humans, which is in contrast 290 with the extensive coexpression in the rodent (3, 4, 14) , sheep (5) and goat (8) In a previous study of KP-IR and NKB-IR neurons we identified a series of sex-dependent 296 morphological differences between aged human males and females (18) . In particular, KP 297 immunoreactivity was highly sexually dimorphic; the number of KP-IR perikarya, the density of KP-IR 298 fibers and the incidence of KP-IR afferents on GnRH neurons were much higher in aged women 299 compared with men (18) . It is worth of note that the NKB/KP neuron density ratio also differed, being 300 2.18 in aged males (>50 years) and 1.55 in postmenopausal females (>55 years) (18) . In further support 301 of the idea that the KP/NKB colocalization pattern is sexually dimorphic, the ratio of dual-labeled NKB-302 IR as well as KP-IR afferent contacts onto GnRH-IR neurons was significantly higher in postmenopausal 303 women (25-30%) than in aged men (8-10%) (18) . We proposed that sex differences are either due to 
Aging-dependent variations in the absolute and relative abundances of KP and NKB
316
The human NKB and KP systems, at least in the male, also exhibit robust aging-dependent changes. whereas another study on rats found stimulatory effect on LH secretion in the presence of physiological 339 levels of estradiol (37). Senktide also stimulated LH secretion in castrated male monkeys (16), and in the 340 follicular, but not in the luteal, phase in ewes (38), whereas reduced net LH secretion was observed in 341 ovariectomized goats (8) . 342 Multiunit activity recorded in the ARC is considered to be an electrophysiological correlate of the 343 GnRH pulse generator activity. The coordinated bursts of neuronal firing occur in synchrony with the LH 344 secretory pulses in various animal species (8, 39) , including primates (40). Senktide dose-dependently 345 suppressed the frequency of pulsatile LH secretion and inhibited hypothalamic multiunit activity volleys 346 in ovariectomized rats, independently of gonadal steroid levels (36). In contrast, a robust increase in the 347 frequency of multiunit activity volleys was observed in ovariectomized goats (8) . 
368
Results of the present and a previous (18) human study indicate that NKB-IR axons abundantly 369 innervate human GnRH neurons and the incidence of these contacts is several times as high as those of 370 KP-IR axons. It will require clarification whether this anatomical pathway uses NKB/NK3 signaling. is generally believed that independently from the species, KP acts directly on GnRH neurons that express 386 KISS1R mRNA (10-12) and in mice, respond with depolarization to KP (11, 51, 52).
387
As in laboratory and domestic animals, KP increases LH secretion in men (20, 53, 54) and women 388 (55, 56), most potently during the preovulatory phase of the menstrual cycle in the latter. It is interesting 389 to note that the continuous intravenous infusion of KP enhanced the LH pulse frequency in men (53), 390 indicating that KP not only acts on GnRH neurons, but also upstream from the pulse generator network.
391
This finding suggests a species difference from the mouse in which KNDy neurons do not appear to 392 synthesize KISS1R (57) and express only NK3 (3) and KOR (3) mRNAs.
393
In humans, axo-somatic, axo-dendritic and axo-axonal contacts may serve as communication 394 pathways between KP and GnRH neurons (17). In previous studies we showed that the KP system of 395 aged human individuals exhibits a robust sexual dimorphism (18) 
456
In conclusion, the immunohistochemical observations we made on hypothalamic tissue samples of 457 young male human subjects question the universal validity of the KNDy neuron concept and terminology 458 and suggest that the abundance of these peptides and their overlap are species-, sex-and age-dependent. 
